In previous communications it was suggested that respiratory catalysts might be used to help maintain normal functions of tissues under conditions of anoxia by their enhancing effect on tissue respiration (1, 2, 3, 4) . Even under conditions of anoxia, there is in the returning venous blood a considerable amount of oxygen which might theoretically be made available to the anoxic tissue through the effect of an additional supply of a respiratory catalyst. That one could apparently produce an increased local tissue uptake of oxygen under conditions of anoxia in vivo-through the use of the hydrogen donator, succinic acid, has previously been demonstrated (1, 2) . Cytochrome C, in combination with cytochrome oxidase, is one of the most important respiratory enzyme systems and the following report deals with some effects of cytochrome C. An additional reason for the selection of cytochrome C for our studies is the fact that it is present in normal tissues in amounts far below what is required for the full activation of the cytochrome-cytochrome oxidase system. That is to say, there is relatively more cytochrome oxidase present in the organs than is necessary for activation by the cytochrome C present, as noted in Table I . These figures are The accumulation of injected cytochrome C in organs It is obvious that injected cytochrome C can be effective only if it actually penetrates to the organs. Since cytochrome C is a protein and thus a large molecule, there was uncertainty as to whether it would pass through the capillaries sufficiently to accumulate in the organs in effective amounts. Furthermore, if it did accumulate, it was necessary to obtain information as to how long it remained unchanged in the organs. We found that it was in fact possible to increase the organ content of cytochrome C after injection and that this injected substance was relatively stable. 2 Table II shows the amounts of cytochrome C in organs and blood of control animals (rats) and in animals following the intravenous injection of varying amounts of cytochrome C. It will be noted that there is a distinct increase in the organ content of cytochrome C following the injection of as little as 1 mgm. of the substance. It is of interest to note further that increasing amounts of injected cytochrome C beyond a certain amount (in these experiments, 5 to 10 mgm. intravenously) seem to produce a paradoxical effect on the content of cytochrome in the heart and liver so that with doses of more than 5 to 10 mgm. of cytochrome C intravenously, there is not a further increase in these organs of cytochrome C, but rather a decrease toward the normal values. On the other hand, in the kidneys and spleen and in the blood as well the content of cytochrome C continues to rise with increasing doses of the injected substance. Table III shows the relative increase in the cytochrome C content of organs following intramuscular and intravenous injections. There is seen to be a slower and less marked rise following intramuscular injection as compared with the intravenous injection.
Changes similar to these in rats were observed after injections of cytochrome C in rabbits.
Physiological effects of injected cytochrome C.
In vitro experiments. Having demonstrated that cytochrome C is relatively stable in the intact animal and that the organ content of the substance could be increased following parenteral injection, it remained to determine whether such an increase of cytochrome C as we could produce in the organs was of a sufficient magnitude to increase the oxygen uptake of the tissue. We approached this problem by studying the influence of added cytochrome C on the oxygen uptake of isolated rat organs. That the increase of cytochrome C of this general order of magnitude could produce a significant increase in the oxygen uptake of homogenized tissue suspensions is demonstrated in Table IV . The concentration of cytochrome C in There is seen to be a decrease in the venous content of oxygen following the injection of cytochrome C, whereas in the control there was no such decrease. Similar, though not so striking results, were obtained in other dogs. This decrease in venous content of oxygen may be taken as an indication of the increased tissue uptake of the oxygen. Since we could not determine arteriovenous oxygen differences in the dog without anesthesia and since the anesthesia in itself may be associated with some anoxia, we were unable to make observations on the effects of injected cytochrome C on the arteriovenous oxygen differences in dogs without some possible anoxia as a result of the anesthesia. However, we were able to obtain such observations in human beings through the cooperation of another investigator. 4 The results of his observations indicate that from 10 to 30 minutes following the intravenous injection of 100 to 120 mgm. of cytochrome C, there is no effect on the arteriovenous oxygen difference in human beings under conditions of normal oxygen tension.
The blood level of cytochrome C after intravenous injections. The next observations dealt with the effect of injected cytochrome C on blood content. Normally, there is no detectable cytochrome C in the circulating blood. Table VI shows the blood content of cytochrome C follow- 4 Assistance in these experiments was given by Dr.
Eugene Stead, of Emory University. ing the intramuscular and intravenous injection of the substance in rats. Just as in the organs, the difference appears to be chiefly that the rise following intramuscular injection is slower than that following intravenous injection. The cytochrome C remains in the blood following injection for a sufficiently long time so that a blood level could be established and maintained with an injection of cytochrome C every 24 hours as noted in Figure  1 . After a few days, there is in the dog a blood level of about 100 to 150 gammas per cent following the daily injection of 40 mgm. of cytochrome C intravenously. The values were obtained in each instance 24 hours after the previous injection.
There was a striking difference in the blood content of cytochrome C following injection depending upon whether or not the animals were under anesthesia. Without anesthesia, the blood levels were considerably higher as shown in Figure 2 .
The depressing effects of anoxia and anesthesia on the blood content of cytochrome C are additive as shown in Figure 3 where, when anoxia is added to anesthesia, there is a considerable decrease in the blood content and an increase again when the effect of anoxia is released. In this experiment, the anesthesia effect was present throughout the first 4 hours. The answer appears to be that there is a reciprocal relationship between the cytochrome C content of the blood and the liver, so that as the level in the blood decreases as a result of anoxia, the content in the liver simultaneously increases. This reciprocal relationship is demonstrated in Figure 4 . Our observations on this phenomenon were limited to the liver because this is the only organ easily susceptible to repeated biopsies for tissue analyses without serious impairment to the total functioning of the body. A similar situation may well be obtained in the other organs. This phenomenon suggests that the supply of cytochrome C circulating in the blood stream acts as a reservoir to be called upon as the need arises and to be replenished when the need no longer exists. The ultimate fate of the injected cytochrome C is obscure. There is reason to suspect that it is at least largely broken down before excretion inasmuch as we were never able to recover it in the urine. Nor were we able to recover porphyrin, one of its possible breakdown products. SUMMARY 1. The cytochrome C content of organs (heart, brain, liver, and kidney) is far below that required for the maximal activity of the cytochrome oxidase present. This apparent suboptimal condition for the action of the cytochrome-cytochrome oxidase system in normal tissues led us to attempt first to increase the cytochrome C content of the organs and then to study the effects resulting from supplying such additional cytochrome C.
2. We find that cytochrome C prepared from beef hearts is stable, non-toxic in large doses, recoverable from the blood, and in increased amounts from the organs after intravenous and intramuscular injections, and apparently broken down before excretion because it is not recoverable in the urine.
3. Following the intravenous injection of cytochrome C, there is a considerable increase in the content of this substance in the heart, liver, and kidney of the rat and rabbit. There is a similar, though delayed, increase following intramuscular injection. 4 . It has been demonstrated by in vitro experiments that an increase of cytochrome C, similar to that produced in living organs by injection is sufficient to produce a significant increase in tissue uptake of oxygen.
5. In the dog, under conditions of anoxia, injected cytochrome C increases the arteriovenous oxygen difference, presumably by increasing the withdrawal of oxygen from the arterial blood. Under conditions of normal oxygen tension, injected cytochrome C does not influence the arteriovenous oxygen difference in man.
6. By daily intravenous injections, a satisfactory blood level can be maintained.
7. Under conditions of anoxia, the liver content of cytochrome C increases after injection, whereas the blood level decreases. With release from anoxia, there is a decrease in liver content and an increase in blood level. This suggests that the supply of cytochrome C circulating in the blood stream acts as a reservoir to be called upon as the need arises and to be replenished when the need no longer exists.
This work was done with the technical assistance of Mrs. Bella Wadler.
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